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Abstract
Vegetable oils are important elements of the human diet because they contain essential nutritional factors. 
Due to the manufacturing processes or inadequate conditions of storage, they may also contain lipid oxidation 
products that are toxic to the body.
The purpose of this paper is to test the protective effect of carotenoid-rich extracts obtained from the fruits of 
Hippophae rhamnoides on crude sunflower, pumpkin and olive oils oxidative processes.
In order to evaluate the effect of antioxidant carotenoids, three stages were followed: thermal induction of 
lipid peroxidation in the presence of AAPH (2,2’-Azobis(2-amidinopropane) dihydrochloride); determination of 
the level of lipid peroxidation in oxidized oils in the presence and absence of antioxidants, by quantifying the 
concentration of conjugated dienes and malonyl dialdehyde (MDA); determination of the level of lipid peroxidation 
by evaluating the profile of the fatty acids and the ratio between the saturated and unsaturated fatty acids (UFA / 
SFA), using an GC-MS method.
In the case of sunflower oil, it was observed that sea buckthorn fruit extract significantly decreased MDA 
concentration but does not significantly reduce the concentration of conjugated dienes. The protective effect of 
carotenoids is more evident in the case of oil from pumpkin seeds. In the olive oil, unlike the first two types of oils, 
the carotenoids extract inhibits both the MDA and the conjugated dienes formation to a lesser extent, statistically 
insignificant. Overall, the ratio UFA / SFA decreases in crude oxidized oils. In the oils in which carotenoids were 
added was observed an increase in the UFA / SFA ratio.
Carotenoids fraction from sea buckthorn fruits, rich in xanthophylls’ esters, possess a good antioxidant effect, 
protecting vegetable oils against peroxidation processes induced in the presence of AAPH.
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INTRODUCTION
Vegetable oils are important sources of fat-
soluble vitamins (A, D, E, K) and essential fatty acids. 
Most oils contain large amounts of unsaturated 
fatty acids (UFA) with 18 carbon atoms such as 
olive oil with 75% oleic acid and 10% linoleic acid 
and sunflower oil with 65% linoleic acid and 20% 
oleic acid. Polyunsaturated fatty acids (PUFA) in 
vegetable oils generally consist almost entirely of 
linoleic acid, the major essential fatty acid.
Heat treatments, including cooking and 
processing of oils cause oxidation of lipids. The 
oxidation of lipids by heat may involve different 
mechanisms like those of autoxidation and photo-
oxidation (Shibamoto, 2006). 
In order to initiate lipid peroxidation, a lipid 
molecule must be activated by an initiator. The 
most common initiators are reactive oxygen 
species (ROS), such as superoxide, singlet oxygen 
(1O
2
), triplet oxygen (3O
2
), hydroxyl radical (•OH), 
alkoxyl radical (RO•) and peroxyl radical (ROO•). 
There are two types of mechanisms involved in 
lipid peroxidation: the enzymatic mechanism 
(under the action of lipoxygenases) and non-
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enzymatic mechanisms. Lipoxygenases are a family 
of lipid peroxidation enzymes that oxygenates 
free and esterified polyunsaturated fatty acids to 
the corresponding hydroperoxy derivatives. They 
are widely distributed in both plant and animal 
kingdoms. Non-enzymatic lipid peroxidation is 
a free radical chain reaction in which one radical 
can induce the oxidation of a large number of lipid 
molecules containing PUFA (Catala, 2006).
Several lipid oxidation products may be 
absorbed and metabolized in humans. The primary 
lipid oxidation products, lipid hydroperoxides, 
will further break down into secondary oxidation 
products (aldehydes, ketones, alkenals etc.). Several 
of them possess toxic properties. Eventually, 
tertiary oxidation products (short chain free fatty 
acids) may be formed. The unpleasant flavor of 
oxidized oils has been attributed to the secondary 
products of unsaturated fatty acids (Halvorsen 
and Blomhoff, 2011; Lukešová et al., 2009).
The present paper proposes to study how the 
oxidation processes of UFA oils can be prevented 
by the addition of extracts rich in carotenoid esters, 
compounds with high antioxidant activity. For this 
study, we have chosen as source of carotenoids the 
fruits of sea buckthorn (Hippophae rhamnoides). 
Three different types of crude oil have been 
studied: sunflower seed oil, pumpkin seed oil and 
olive oil.
In order to evaluate the effect of carotenoids, 
a chemical model was used in which three steps 
was followed. The first stage consisted in the 
induction of peroxidation processes in crude 
oils (obtained by cold pressing) in the presence 
of AAPH (2,2’-Azobis(2-amidinopropane) 
dihydrochloride). The level of lipid peroxidation 
in oxidized oils in the presence and absence 
of antioxidants was determined through the 
quantification of two parameters: the concentration 
of conjugated dienes and concentration malonyl 
dialdehyde (MDA). The fatty acids profile and the 
ratio between unsaturated and saturated fatty 
acids (UFA / SFA) were also determined by GC/MS.
MATERIALS AND METHODS
Preparation of carotenoids extract was 
carried out starting from 5 g of freeze-dried 
fruit of sea-buckthorn with a mixture of 
methanol / ethyl acetate / petroleum ether (1: 
1: 1, v/v/v). Total carotenoids were determined 
by the spectrophotometric method (UV-Vis 
spectrophotometer Jasco V-530). Characterization 
of the extract was achieved by gradient RP-HPLC 
chromatography as described before (Pintea et al., 
2005; Giuffrida et al., 2012)
Removal of tocopherols and emulsification of 
oils
Studied oils are characterized by a high 
content of tocopherols with a powerful antioxidant 
activity. In order to eliminate these compounds, 
the oils were passed through a chromatographic 
open column containing activated alumina. The 
purified samples were then emulsified according 
to the protocol proposed by the Kiokas and 
Oreopoulou (2006). Thus, a volume of 1 mL of oil 
was added dropwise to a volume of 9 mL of ice-
cold distilled water and 0.1 mL of Tween 20, after 
which the samples were sonicated for 2 minutes. 
Emulsions of oils with sea buckthorn carotenoids 
were prepared in a similar way, by dissolving the 
pigments in the oils, in order to rich a concentration 
of 1 g/lL carotenoids in the emulsions. 
Preparation of the oxidized oils
A volume of 0.1 mL AAPH (100 mM) was 
added to 2 mL of the emulsified oil. The samples 
were then incubated at 60 ° C for 2.5 hours (Pintea 
et al., 2014).
Types of oils analyzed
The experimental groups were as follows: 
crude sunflower oil (S), sunflower oil oxidized 
(Sox), sunflower oil + carotenoids + oxidation (S + 
C ox); Crude pumpkin oil (P), pumpkin oil oxidized 
(Pox), pumpkin oil + carotenoids + oxidation (P + 
C ox); crude olive oil (O), olive oil oxidized (Oox) 
and olive oil + carotenoids + oxidation (O + C ox).
Determination of MDA was performed by the 
photometric method using thiobarbituric acid 
(TBA). The method is based on the formation of a 
pink complex with strong absorbance at 532-535 
nm between thiobarbituric acid and the oxidation 
products of unsaturated fatty acids. Because the 
reaction can involve several secondary oxidation 
products, the reacting secondary products are 
generally referred to as TBA-reacting substances, 
or TBARS (Andrei et al., 2012).
Determination of conjugated dienes was 
performed by the photometric method proposed 
by Kiokas and Oreopoulou (2006). The emulsions 
(0.1 mL) were dissolved in 10 mL of ethanol and 
vigorously mixed. Absorption of the samples was 
read at 233nm (UV-Vis spectrophotometer Jasco 
V-530).
ANDREI et al.
103
 Bulletin UASVM Food Science and Technology 71(2) / 2014
The protective effect of Hippophae rhamnoides carotenoid extract against  lipid peroxidation in crude vegetable oils
Analysis of the fatty acid profile of the oil 
and sea buckthorn fruits extract was performed 
by gas chromatography coupled with mass 
spectrometry, a method that involves the initial 
trans-esterification of fatty acids by methanol/
sulphuric acid. Fatty acid methyl esters (FAMEs) 
were separated and identified using a PerkinElmer 
Clarus 600 T system GC-MS (PerkinElmer, Inc., 
Shelton, CT, USA) equipped with a capillary column 
SUPELCOWAX 10 (Supelco Inc.). Identification 
of FAMEs was achieved by comparing their 
retention times with those of known standards 
(37component FAME Mix, SUPELCO # 47885-U) 
and the resulting mass spectra to those in specific 
databases (NIST MS Search 2.0). The amount of 
fatty acids was expressed as percent of total fatty 
acids (Dulf et al., 2012).
RESULTS AND DISCUSSION
Characterization of sea buckthorn fruits extract 
The concentration of total carotenoids in the 
extract was determined, being a 211.2 mg/kg of 
fresh fruits. The extract was then separated by 
RP-HPLC chromatography; the major carotenoids 
present in the extract were β-carotene and esters 
of zeaxanthin, and β-cryptoxanthin. In the lower 
proportions occur lutein, zeaxanthin, lycopene 
and γ-carotene. Taking into account the fact that 
a major fraction of the carotenoids present in 
the extract are in esterified form, the profile of 
these fatty acids was analyzed by GC-MS. Table 1 
presents the fatty acids separated from extract of 
Hippophae, retention time for each acid and % of 
each fatty acid (of total fatty acids separated). 
From these data can be observed that in the 
extract of sea buckthorn, the major fatty acids 
are palmitic acid, palmitoleic acid, oleic acid, 
which together represents approximately 60% of 
the total fatty acids. Percentages between 3 and 
7% polyunsaturated fatty acids occur, namely 
linoleic acid and linolenic acid. Therefore, it can be 
concluded that a high proportion of MUFA (55.7%) 
and essential fatty acids (10.6%) characterizes the 
carotenoid extract obtained from the fruits of sea 
buckthorn. Because the carotenoid extract was not 
subjected to the classical saponification procedure, 
which would also hydrolyze the carotenoid esters, 
the crude extract contains not only carotenoids 
but also amounts of neutral and polar lipids.
MDA and conjugated dienes concentrations in 
oils
The results obtained in the lipid peroxidation 
level of oil, expressed as the concentration 
conjugated dienes and concentration of MDA are 
shown in Table 2.
Lipid peroxidation is a complex process 
consisting of three stages: initiation, propagation, 
and termination, and for each stage several 
methods are available in order to quantify the 
progress of the chemical reactions. For example, in 
the propagation stage, starting from unsaturated 
fatty acids, lipid hydroperoxides are formed, 
which decompose quickly with formation of 
aldehydes. The aldehydes most intensively studied 
so far are 4-hydroxynonenal, 4-hydroxyhexenal, 
and malonildialdehyde (Esterbauer, 1996; Catala, 
Fatty acid
Retention 
time
(min)
% of total 
fatty acids 
separated
12:00 Lauric acid 12.22 0.028
14:00 Myristic acid 14.851 0.355
16:00 Palmitic acid 18.308 31.595
16:1 (n-7) Palmitoleic acid 18.948 25.176
17:00 Margaric acid 20.528 0.0379
18:00 Stearic acid 23.39 1.313
18:1 (n-9) Oleic acid 24.345 23.434
18:1 (n-7) Cis-vaccenic 
acid 24.475 7.091
18:2 (n-6) Linoleic acid 26.186 7.206
18:3 (n-3) Linolenic acid 28.767 3.412
20:00 Arachidic acid 31.688 0.189
20:1 (n-9) Eicosenoic acid 33.013 0.055
Total SFA 33.291
Total MUFA 55.701
Total PUFA 10.618
Total UFA 66.319
Tab. 1. Fatty acids separated from sea buckthorn 
fruits extract
Type of oil MDA
nmol/mL
Conjugated dienes 
nmol / mL
S 1.12±0.096 5.07±0.540
Sox 11.89±1.498 7.70±2.197
S+Cox 6.21±2.125 7.36±2.160
P 1.71±0.459 4.23±1.642
Pox 14.98±2.127 5.58±0.248
P+Cox 4.79±0.725 4.48±1.257
O 1.28±0.314 2.25±0.943
Oox 11.27±1.826 5.01±1.298
O+Cox 10.28±0.738 4.60±1.158
Tab. 2. The peroxidation of oil, expressed as the 
concentration of MDA (nmol/mL) and the 
concentration of conjugated dienes (nmol /mL)
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2006; Lukešová et al., 2009; Farhoosh and Moosavi, 
2009). AAPH is a chemical compound which 
thermally decompose by generating free radicals 
which further reacts with oxygen, generating 
peroxyl radicals (Kiokas and Oreopoulou, 2006) 
used.
The differences that were observed in the level 
of peroxidation (expressed as MDA concentration) 
of the three types of oils can be explained by their 
different PUFA composition, as principal substrate 
for the peroxidation. Pumpkin seed oil has a higher 
degree of unsaturation, which explains the higher 
level of peroxidation observed in the oil. It is also 
observed that the oxidized oil produced in the 
presence of AAPH is characterized by an increase 
in the concentration of conjugated dienes, the 
absolute values depending on the type of oil. The 
most significant increase occurs in the case of 
sunflower oil, followed by the olive oil. In contrast, 
with a lower growth rate, is pumpkin oil. Regarding 
pumpkin oil, data obtained showed that malonyl 
dialdehyde concentration increases. Therefore, 
it can be said that for this oil, thiobarbituric acid 
reactive substances, especially MDA, represent 
specific peroxidation end products.
The extract rich in carotenoid esters showed 
antioxidant effect, the oxidation of oils that 
contained the extract being lower compared with 
samples treated only with AAPH. For the sunflower 
oil it was observed that in the presence of sea 
buckthorn fruit extract, the MDA concentration was 
significantly reduced but it was not a significant 
decrease in the concentration of conjugated 
dienes. The protective effect of carotenoid is 
more evident in the case of the oil obtained from 
pumpkin seeds. The MDA concentration strongly 
decreased in samples treated with carotenoids, 
the values  recorded being more than 3 times lower 
than for untreated oil. However, the concentration 
of conjugated dienes presents an insignificant 
decrease. In the olive oil, in contrast to the first 
two types of oils analyzed, the carotenoid extract 
inhibited in a lesser extent, the formation of both 
conjugated dienes and MDA. It was previously 
demonstrated that esterification of xanthophylls 
with fatty acids (mainly saturated) does not affect 
their antioxidant capacity (Subagio and Morita, 
2001; Fu et al., 2010; Pintea et al, 2013). As in 
our experiment the main lipophilic antioxidant, 
the tocopherols were removed, it become evident 
that the ester rich sea buckthorn extract posses a 
remarqable antioxidant capacity. 
In order to understand better the mechanism 
of carotenoid protection against peroxidation of 
different types of oils, it was considered important 
to study in parallel the profile of fatty acids in 
crude and oxidized oils. These data are presented 
in detail in Table 3.
It can be observed that the crude sunflower oil 
is characterized by a high content of linoleic acid 
(average 61.5%), followed by oleic acid (24%). 
Among the saturated fatty acids, the most important 
in terms of quantity is palmitic acid. Literature data 
concerning fatty acid composition of oils obtained 
from sunflower seeds is innumerable. Significant 
differences were observed, which are determined 
by various factors including variety, growing area, 
growing season, the methods of obtaining and 
processing oil. For example, in the study published 
by Rafalowski et al. (2008) three different types 
ANDREI et al.
Fatty acid
% of total fatty acids
   S   Sox S+Cox    P Pox P+Cox O Oox O+Cox
12:0 - 1.619 1.636 0 1.302 1.467 - - -
14:0 0.08 0.792 0.72 0.0833 0.655 0.722 - - -
16:0 7.178 12.101 7.272 8.585 13.006 8.977 8.977 16.858 13.99
16:1 (n-7) 0.082 - 0.077 0.1 5.03 0.09 0.76 5.688 0.84
18:0 2.298 2.154 2.529 3.746 3.657 4.141 2.449 2.282 2.257
18:1 (n-9) 24.044 23.533 24.608 33.91 30.815 34.376 68.323 56.766 69.926
18:1 (n-7) 0.761 1.897 0.765 0.535 1.952 0.581 2.347 3.321 2.008
18:2 (n-6) 65.175 52.047 61.929 52.424 42.236 48.996 9.169 9.608 9.681
18:3 (n-3) 0.056 0.635 0.0653 0.2 0.82 0.13 0.72 1.27 0.67
Total SFA 9.556 16.666 12.157 12.414 18.62 15.307 11.426 19.16 16.247
Total MUFA 24.88 25.43 25.45 34.545 37.797 35.047 71.43 65.775 72.774
Total PUFA 65.231 52.7 61.99 52.624 43.056 49.126 9.889 10.878 10.351
Total UFA 90.11 78.13 87.44 87.169 80.853 84.173 81.319 76.653 83.125
UFA / SFA 9.43 4.68 7.19 7.021 4.34 5.498 7.117 4.00 5.116
Tab. 3. The profile of fatty acids in oils
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of oils were analyzed (from different regions of 
Poland). Palmitic acid concentration had values 
from 6.9 to 7.3%; oleic acid from 27.3 to 28.5% and 
linoleic acid from 55.5 to 57.7%. The differences, 
when compared to the present study, refer to the 
stearic acid content values,  recorded by the Polish 
(Rafalowski R et.al., 2008) authors being from 3.5 
to 4%, while the average of the sunflower oil in the 
present study was 2.3%.
The processes of oxidation of the sunflower 
oil, induced by AAPH, cause changes in the fatty 
acid profile. The proportion of PUFA decreases 
from 65.2% in crude oil to 52.7% in the oxidized 
oil. In the case of MUFAs, the changes are not 
significant.
The process of lipid peroxidation may be 
followed by determinination of the ratio between 
the amount of unsaturated fatty acids and 
saturated fatty acids (UFA/SFA) (Gavazza and 
Catala, 2006; Andrei et al., 2012). In the case of 
the present study, we have seen that this ratio 
decreases from 9.43 in the crude sunflower oil 
at 4.68 in the oxidized. The protective effect of 
carotenoids is demonstrated by the increase of the 
ratio UFA/SFA, to the value of 7.19.
From the data presented in Table 3 it appears 
that pumpkin oil is an important source of 
polyunsaturated fatty acids as linoleic acid (18:2), 
which represents 52.4% of total FA. In addition, 
oleic acid (18:1) is found in large quantities, 
representing 33.9% of the total FA. Regarding the 
saturated acids, the most important quantitatively 
is palmitic acid followed by stearic acid. As in the 
case of sunflower oil, in pumpkin the oil there are 
variations in the profile of FA depending on the 
variety and growing area (Tsaknis et al,. 1997; 
Gohar Ardabīl et al., 2011). Under the action of 
AAPH, there was a decrease in the concentration of 
unsaturated fatty acids from the 87.1% to 80.8%, 
which resulted in decreasing ratio UFA/ SFA from 
7.02 in crude oil at 4.34 in the oxidized oil. In 
this case the protective effect of sea buckthorn 
extract was evident, the ratio UFA/SFA was higher 
compared to the oxidized oil, having a value of 
5.49.
Regarding the fatty acids, it is well known 
that olive oil is the richest source of oleic acid 
(C18:1), their content ranging between 55-83%, 
depending on the cultivation of olives and methods 
of obtaining and processing of oil (Hashempour et 
al., 2010; Muhammad et al., 2013).  The FA analysis 
of the crude olive oil has shown that it contains 
predominantly MUFA, especially oleic acid 18:1 
(n-9), which represents 68,3% and cis-vaccenic 
acid 18:1 (n-7) with a percentage of 2.3%. Among 
the PUFA the most representative was linoleic acid 
(9.1%), and from the category of SFA was palmitic 
acid (8.9%) and stearic acid (2.4%). 
Monounsaturated and saturated fatty acids are 
much less reactive and do not usually participate 
in lipid peroxidation. Thus, fatty acids with no 
double bonds or with 1 double bond can undergo 
oxidation, but not a chain lipid peroxidation 
process; for example, oleic acid with 18 carbon 
atoms and 1 double bond (C18:1n-9) can not 
undergo the lipid peroxidation process (Catala, 
2006). In the present study, under the action of 
AAPH, it was noticed that MUFA are oxidized in a 
lesser extent, their concentrations ranging from 
an average of 71.4% in crude oil to the value of 
65.7% in the oxidized oil. The ratio UFA/SFA 
had a value of 7.11 in crude oil and 4 in olive oil 
oxidized with AAPH. In the case oxidized oil on 
which carotenoids were added have observed an 
increase in the UFA/SFA ratio, to the value of 5.11.
CONCLUSIONS   
The degree of the peroxidation of oils in the 
presence of the initiator AAPH and the chemical 
nature of the end products are dependent on the 
The protective effect of Hippophae rhamnoides carotenoid extract against  lipid peroxidation in crude vegetable oils
S sunflower oil
Sox Sunflower oil oxidized
S+Cox Sunflower oil + carotenoids + oxidation
P Crude pumpkin oil
Pox Pumpkin oil oxidized
P+Cox Pumpkin oil + carotenoids + oxidation
O Crude olive oil
Oox Olive oil oxidized
O+Cox Olive oil + carotenoids + oxidation
12:0 lauric acid
14:0 Myristic acid
16:0 Palmitic acid
16:1 (n-7) Palmitoleic acid
18:0 Stearic acid
18:1 (n-9) Oleic acid
18:1 (n-7) Cis-vaccenic acid
18:2 (n-6) Linoleic acid
18:3 (n-3) Linolenic acid
SFA saturated fatty acids
MUFA Monounsaturated fatty acids
PUFA poly-unsaturated fatty acids
UFA Unsaturated fatty acids
Tab.4. Table which contains abbreviations of 
Table 3.
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type of oil and fatty acids profile. The selection 
of an optimal method for determination dof the 
level of oil peroxidation (MDA concentration, 
the concentration of conjugated dienes, HNE 
(4-Hydroxynonenal) concentration, the ratio UFA 
/ SFA) must take into account the type of oil.
Carotenoids from sea buckthorn fruits possess 
a good antioxidative effect, protecting vegetable 
oils against peroxidation processes induced in the 
presence of AAPH. Independent on the type of oil, 
the carotenoid ester rich extract reduced the level 
of MDA, conjugated dienes and improved the ratio 
UFA/SFA in a model of induced peroxidation.
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